The problems of high cost and development of resistance in many vector mosquito species to several of the synthetic insecticides have revived interest in exploiting the pest control potential of plants ( Grainge & Ahamed 1988). In addition to application as general toxicants against mosquito immature, phytochemicals may also have potential uses as growth and reproduction inhibitors, repellents, and oviposition deterrents. Plants belonging to six families: Asteraceae, Cladophoraceae, Labiatae, Meliaceae, Oocystaceae, and Rutaceae appear to have potential for providing future mosquito control agents (Sukumar et al. 1991) . Atlantia monophylla belonging to family Rutaceae has been earlier reported for insecticidal activity against pests of agricultural importance (Grainge & Ahamed 1988 , Sukumar et al. 1991 , but there has been no report on its activity against public health pests. The plant is available year round in Pondicherry, India. A study was therefore undertaken to test the extract of this plant for its efficacy against immature stages of selected mosquito species. stock solution was added to 249 ml of tap water in a 500 ml enamel bowl.
The problems of high cost and development of resistance in many vector mosquito species to several of the synthetic insecticides have revived interest in exploiting the pest control potential of plants (Grainge & Ahamed 1988) . In addition to application as general toxicants against mosquito immature, phytochemicals may also have potential uses as growth and reproduction inhibitors, repellents, and oviposition deterrents. Plants belonging to six families: Asteraceae, Cladophoraceae, Labiatae, Meliaceae, Oocystaceae, and Rutaceae appear to have potential for providing future mosquito control agents (Sukumar et al. 1991) . Atlantia monophylla belonging to family Rutaceae has been earlier reported for insecticidal activity against pests of agricultural importance (Grainge & Ahamed 1988 , Sukumar et al. 1991 , but there has been no report on its activity against public health pests. The plant is available year round in Pondicherry, India. A study was therefore undertaken to test the extract of this plant for its efficacy against immature stages of selected mosquito species.
MATERIALS AND METHODS
Preparation of stock solution of plant extract -Fully developed leaves of the plant A. monophylla were collected during the flowering season of the plant, shadedried and finely ground. The finely ground plant material was extracted with petroleum ether (boiling point range 60-80 o C) and methanol by standard method of extraction (Sujatha et al. 1988) . The residue was then made into a 1% stock solution with acetone. The stock solutions for various test concentrations were prepared and one ml of the stock solution was added to 249 ml of tap water in a 500 ml enamel bowl.
Effects on target species -Larvicidal and pupicidal activities of the methanolic extracts of A. monophylla were determined by following the standard procedure (WHO 1975) . Twenty early fourth instar larvae and 20 pupae of three vector mosquito species, Culex quinquefasciatus, Anopheles stephensi, and Aedes aegypti (obtained from the cyclic colony that has been maintained for the past 24 years at the Centre) were transferred to 249 ml of tap water taken in 500 ml bowls. Five replicates were set up for each test concentration and the plant extract was tested at concentrations ranging from 0.001 to 5 mg/l with two replicates of control with addition of 1 ml of acetone alone to 249 ml of tap water. Bioassay was conducted at room temperature 27 ± 3 o C with 85% relative humidity. In the case of experiment for determining pupicidal activity, the mouth of each bowl containing pupae was covered with muslin cloth to prevent the escape of any emerged adult mosquitoes. Mortality in larvae/pupae was recorded 24 h posttreatment.
Insect growth regulating (IGR) activity -Methanolic extract of A. monophylla was also tested for IGR activity against the three mosquito species. Twenty early third instar larvae of the three species were transferred into 500 ml enamel bowls containing 249 ml of tap water. The plant extract was tested at concentrations ranging from 0.001 to 2 mg/l. Each test concentration was replicated five times. Two replicates of control were also maintained. Mortality of the larvae and pupae was recorded at 24 h intervals. Observation was continued in treated and control bowls until the last immature pupated. The treated and untreated bowls containing pupae were kept separately in one-foot cages for adult emergence. Morphological abnormalities in pupae and adults and partially emerged adults were recorded as dead. Percentage of emergence inhibition (% EI) in the treated and control was monitored so that the EI 50 and EI 90 values can be calculated by probit analysis (Busvine 1971 ).
Effect on non-target organisms -The effect of the methanolic extract of A. monophylla was tested against non-target mosquito predators, Toxorhynchites splendens (mosquito predator), Gambusia affinis, Poecilia reticulata (predatory fishes), Diplonychus indicus (predatory water-bug), and Anisops bouvieri (Notonecta sp.). T. splendens larvae were obtained from the cyclic colony that has been maintained for the past 23 years at the Centre, whereas other predator species were collected from field and maintained in cement tanks (85 cm diameter and 30 cm depth) containing field collected water at 27 ± 3 o C and relative humidity 85%. One predator was released into 500 ml disposable bowl containing 250 ml tap water. Only one predator was used so as to avoid cannibalism. The predators were exposed to test concentrations ranging from 1 to 50 mg/l. Ten replicates were performed for each test concentration along with four replicates of untreated controls. The predators were observed for mortality and other abnormalities such as sluggishness and reduced swimming activity after 24 h exposure. The exposed predators were also observed continuously for ten days to understand the post treatment effect of this extract on survival and swimming activity. LC 50 and LC 90 values were obtained by probit analysis. Suitability index (SI) or Predator safety factor (PSF) was calculated for each species of predator using the following formula (Deo et al. 1988) .
LC 50 of non-target organism SI/PSF = -------------LC 50 of target vector species

RESULTS
Larvicidal and pupicidal activities -Petroleum ether extract of the leaves of A. monophylla did not show any larvicidal activity against the three species of mosquito tested at concentrations ranging from 10 mg/l to 100 mg/l. Methanolic extract of the leaves was found to be effective against early fourth instar larvae of Cx. quinquefasciatus and Ae. aegypti and pupae of all the three mosquito species. Though the extract was less effective against the larvae of An. stephensi, it was more effective against the pupae of An. stephensi compared to other species (Table I, II) . Ae. aegypti larvae were 1.5 and 22.4 times more susceptible than larvae of Cx. quinquefasciatus and An. stephensi respectively. Cx. quinquefasciatus and Ae. aegypti pupae were equally susceptible to this extract but pupae of An.stephensi were 1.4 times more susceptible than the other two vector species (Table II) .
IGR activity -The IGR activity of the methanolic extract of A. monophylla tested against the larvae of three mosquito species is shown in Table III . When exposed to the plant extract, Ae. aegypti and Cx. quinquefasciatus were 325 times and 162.5 times more sensitive than An. stephensi respectively. Dead larval intermediates or prepupal stage larvae were found with An. stephensi and Cx. quinquefasciatus exposed to the plant extract. Many dead adults were found with curved tarsi and malformed wings, particularly with An. stephensi. Many "albino" pupae were found white with soft body and without characteristic sclerotization of the pupal cuticle. Table IV . G. affinis and P. reticulata, were the least susceptible, with LC 50 values of 23.4 mg/l and 21.3 mg/l, respectively. The extract was found to be highly lethal to A. bouvieri, with a LC 50 of 0.15 mg/l. D. indicus was less susceptible to the plant extract than Tx. splendens. SI/PSF indicated that this plant extract is less harmful to predatory fishes than other mosquito predators tested (Table V) . Survival and swimming activity of the test species were not altered during the exposure at LC 50 and LC 90 doses of the plant extract. 
DISCUSSION
Vector control is facing a threat due to the emergence of resistance in vector mosquitoes to conventional synthetic insecticides, warranting either countermeasures or development of newer insecticides (Chandre et al. 1998) . Botanical insecticides may serve as suitable alternatives to synthetic insecticides in future as they are relatively safe, degradable, and are readily available in many areas of the world. Though several plants from different families have been reported for mosquitocidal activity, only a very few botanicals have moved from the laboratory to field use, like neem based insecticides, which might be due to the light and heat instability of phytochemicals compared to synthetic insecticides (Green et al. 1991) .
The methanolic extract of the leaves of the plant A. monophylla has been found to possess various activities, such as larvicidal, pupicidal, and insect growth regulation properties against the three mosquito species tested. The observed biological activity of the plant extract might be due to the alkaloid reported in this plant (Basu & Basa 1972) . Minijas and Sarda (1986) reported that crude extract of saponin from the fruit pods of Swartzia madagascariensis produced higher mortality in larvae of An. gambiae than in Ae. aegypti, and no mortality was observed in Cx. quinquefasciatus.
The larvicidal efficacy is comparable to fenthion, a commercially available organophosporus larvicide (Amalraj & Das 1996) . Insect growth regulating activity of this plant extract is more pronounced in Ae. aegypti than in other two vectors. The IGR activity of this extract against Cx. quinquefasciatus is 25 times more than methoprene, a juvenile hormone mimicking compound. But it is 7.5 times less effective than diflubenzuron, a chitin synthesis inhibitor (Robert & Olson 1980) . The effect of the plant extract is superior to various neem extracts, which are reported to be effective with LC 50 values ranging from 55-65 mg/l against mosquito larvae (Ascher & Meisner 1989) .
Several plants have been reported to have mimics of insect ecdysones and juvenile hormone activity. As with toxicity, growth inhibition from phytochemicals may also be species-specific (Novak 1985) . Sujatha et al. (1988) observed that Acorus calamus extract induced malformations to a greater extent in An. stephensi, and to a lesser extent in Cx. quinquefasciatus and Ae. aegypti. Earlier studies have shown that selected plant extracts were found to exhibit either larvicidal or insect growth regulating activity against mosquito larvae at concentration above 10 mg/l (Deshmukh & Renapurkar 1987 , Thangam & Kathiresan 1988 . But the LC 50 values of the methanolic extract of A. monophylla were less than 0.2 mg/l against Ae. aegypti and Cx. quinquefasciatus.
Results of the effect on non-target organisms have revealed that methanolic extracts of A. monophylla are safe to certain mosquito predators tested. The extract is non-toxic up to a concentration of 5 mg/l to the non-target predatory fishes G. affinis and P. reticulata and aquatic bugs D. indicus. The SI favored predatory fishes more than the other predators exposed to this plant extract, suggesting that this plant extract could be used along with these predatory fishes in Integrated Vector Control (IVM). The LC 50 value of this plant extract against A. bouvieri indicates that the usage of this extract should be restricted in mosquito breeding habitats co-inhabited by this predator. 
